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Abstract 
Considering low pollution problem of urban rail transit, reducing air pollution benefit is proposed in this 
study. Based on analysis of structure of reducing air pollution benefit, benefit of decreasing air pollution 
are described under considering the air pollution of power station of urban rail transit. A case study of line 
1 of Shijiazhuang urban rail transit is given to demonstrate these models. Results show that benefit of 
reducing air pollution is 13.247 million RMB in 2013. Benefits of decreasing air pollution are 
14.1552million RMB depending on traffic mode choice. In addition, air pollution costs of power station 
are 0.9082 million which is only 6.42% of reducing air pollution benefit depending on traffic mode 
choice.
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0. Introduction 
As a major public transportation mode, urban rail transit has been widely used in china. Despite the 
importance of the transportation sector for air pollution, little work has examined the air pollution effects 
of transportation infrastructure directly. Researchers have disagreed about whether investment in urban 
rail transit would improve air quality by taking cars off the road or harm it by encouraging more travel. 
According to the forecast, transportation energy consumption and energy price will continuously increase 
until 2030. To alleviate expensive energy consumption bill and environmental impact, developing a 
model to evaluate reducing air pollution benefit model of urban rail transit is desirable, which is the 
objective of this study. Some model have been developed and applied to evaluate reducing air pollution 
benefit model of urban rail transit and other research applications. 
A rich theoretical literature following Herbert Mohring has argued that rail transit is subject to 
increasing returns to scale [1]. Ridership increases engender higher service frequencies, reduce the 
average waiting times at stops, thus encouraging further ridership. The “Mohring Effect” implies that 
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investments in rail transit infrastructure divert marginal automobile travellers away from their vehicles 
resulting in a traffic diversion effect, and thereby reduce air pollution. On the other hand, another highly 
influential literature following William Vickery argues that investments in transportation infrastructure 
simply induce demand for travel [2], resulting in a traffic creation effect. As rail transit infrastructure 
investments are likely to both divert travellers away from automobile travel, as well as induce more travel, 
the net effect on automobile travel. Zhang et al. developed a model considering of traffic congestion, 
traffic accident and environmental pollution [3]. Chen et al. took Shanghai rail traffic as the example to 
present the social and economic benefit of urban rail transit [4]. Lv et al. reviewed the problems of 
external costs of various traffic transportation modes [5]. In a study conducted by Gong et al, Wang et al, 
Li et al and Loo et al, external benefit of urban rail transit was measured based on the analysis of urban 
rail transit[6-10]. However, reducing air pollution is unclear. 
1. Reducing air pollution benefit 
The transportation sector is a major source of air pollution worldwide, yet little is known about the 
effects of transportation infrastructure on air quality [11]. Low-carbon economy is an economic model 
based on low energy consumptions, low pollutions and low emissions. Transportation accounts for nearly 
a third of greenhouse gas emissions in China, and its emissions are growing rapidly [12,13]. Modern 
transportation systems of road transportations are overwhelmingly powered by internal combustion 
engines fuelled by petroleum. Emissions of carbon dioxide (CO2), the principal greenhouse gas (GHG) 
produced by the transportation sector, have steadily increased along with travel, energy use, and oil 
imports. In the absence of any constraint or effective countermeasures, transportation energy use and 
GHG emissions will continue to increase. In the Chinese economy, transportation is only second to 
electricity generation in terms of the volume and rate of growth of GHG emissions. In terms of carbon 
dioxide, which accounts for 95 percent of transportation’s GHG emissions, transportation is the largest 
and fastest growing end-use sector. Table 1 describes harmful gas emissions of bus and urban rail transit 
and Comparison. The bus 100 passenger-km emissions of COX is 26.7 times of rail transit, SOX and 
NOX emissions are 1.4 times and 1.9 times respectively. To reduce GHG emissions, as an urban transport 
mode of the renewable energy, urban rail transit will be widely used not only in China but also around the 
world. In 2009, lines of urban rail transit are operated in 10cities such as Beijing, Shanghai, Tianjin, etc. 
The total of operating lines is 34, and the lengths have reached 978.6 km. In 2015, the lengths of the 
operating line of the urban rail transit in China will reach 2300 km. 
Tab. 1 Comparison of harmful gas emissions of bus and urban rail transit (Unit: g/100 person·km) 
COX NOX SOX
Bus 123000 257 21 
Rail transit 4600 179 11 
Comparison 26.7 1.4 1.9 
2. Reducing air pollution benefit model 
Transportations are not only artery of modern society, but also the important factors of influence on 
environmental resources. 2CO is the primary pollution gas and other emissions is able to be ignored. 
Considering of power plant 2CO emissions, reducing air pollution benefits of urban rail transit is 
described by 
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Where CB =reducing air pollution benefit; 
TB = reducing air pollution benefit of transportations mode conversions; 
PC = air pollution cost of power plant of urban rail traffic; 
jCOF = plant standard coal of j power plant of urban rail transit; 
SCO = 2CO  emissions per standard coal; 
PCO = emission price of 2CO ;
QR = traffic flow rate of urban rail transit; 
ih = modal choices for other transportations(1,2,3…m), and 1h  represents modal choice for the urban rail 
transit; 
iCOQ = 2CO emission by per person per km of i transportation modes, respectively; 1COQ  present 
2CO emission of per person per km of urban rail transit; 
l = the average travel distance; 
cn = quantity of urban transportation modes; 
3. Calculation example 
Fig.1 Line 1 of Shijiazhuang urban rail transit 
This study took Line 1 of Shijiazhuang urban rail transit as an example to computer the reducing the 
air pollution benefits. Line 1 of Shijiazhuang urban rail transit is presented in figure 1, which is 39.2 km 
from Shijiazhuang to Zhengding. There are 28 stations, a power station and 556000 person/day.  
Moreover, traffic flow rate of peak hour reach 30000 person/hour. 
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Fig.2 Carbon dioxide unit emissions of transportation modes 
Figure 2 shows that the emissions of rail transit, bus, aviation, private car and operating car is 18 g, 
51 g, 111g, 172g and 387g per passenger-km respectively. Emission price of 2CO is 172.5 RMB. There 
is 1 power plant in line 1 of Shijiazhuang rail transit, which arrives at 2075 t of standard coal per year. In 
addition, carbon dioxide emissions of standard coal are 2.6 t. The modal choice for transportation of 
Shijiazhuang is shown in Table 2. According to forecast, modal choices rate of urban rail transit, bus, 
operating cars, private cars and bicycles are 14%, 21%, 1%, 25% and 39%, respectively. Based on 
conversion of modal choices, conversion coefficients of bus, operating cars, private cars and bicycles are 
24.41%, 1.16%, 29.07% and 45.35%, respectively. Daily average travel distance of Shijiazhuang is 8.8 
km. 
Tab.2 Modal choices for transportation of Shijiazhuang in 2013 
Transportation 
modes 
Modal choices (%)
Conversion 
coefficients (%) 
Rail traffic 14  
Bus  21 24.41 
Operating car  1 1.16 
Private car  25 29.07 
Bicycle  39 45.35 
According to the Eq. (1), reducing air pollution benefits of line 1 of Shijiazhuang urban rail transit is 
13.247 million RMB, which consist of reducing air pollution benefit of transportations mode 
conversions,14.1552 million RMB, and air pollution cost of power plant of urban rail traffic, 0.91 million 
RMB. Air pollution cost of power plant of urban rail traffic is 6.42% comparing of reducing air pollution 
benefit of transportations mode conversions. 
4. Conclusion 
The transportation sector is a major source of air pollution worldwide. Recent evidence has indicated 
that automobile pollution poses significantly larger adverse health impacts than previously realized. As an 
urban transport mode of the renewable energy, urban rail transit will be widely used not only in China but 
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also around the world. More than 20 urban rail transit projects have been completed or are building in 
china. In this study, we provide an assessment model of reducing air pollution benefit of urban rail transit. 
A case of line 1 of Shijiazhuang urban rail transit is given to evaluate reducing air pollution benefit 
consisting of reducing air pollution benefit of transportations mode conversions and air pollution cost of 
power plant of urban rail traffic. Our results demonstrate that reducing air pollution benefit is important 
components of the social value of urban rail transit. 
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